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[0001] PROJECTILE, PROJECTILE CORE, AND METHOD OF MAKING 
[0002] FIELD OF THE INVENTION 

[0003] The present invention is directed to an improved marking 

projectile core, a marking projectile and method of making same. 

[0004] BACKGROUND 

[0005] In recent years, the popularity of the combat game known as 

"Paintball" has increased dramatically. Paintball is now a recognized and 
popular sporting activity. In one form of this game, players on two teams are 
each supplied with a paintball marker (paintball gun) and a number of 
marking projectiles, or "paintballs," which are rounds of ammunition. The 
terms "projectile" and "marking projectile" are used interchangeably. The 
projectiles comprise a spherical gelatin or starch shell filled with a non-toxic, 
water-soluble, biodegradable paint (referred to herein "liquid dye"). Paintball 
markers fire these paintballs using compressed gas (e.g. C02, N2, etc.) as a 
propellant. When a player is hit with a paintball, the paintball ruptures, 
"painting" or "marking" the target providing dramatic evidence of the hit, 
without injuring the player. 

[0006] Soft and hard capsules, shells or casings have been used in the 

sports and leisure fields, as well as in law enforcement and military training, 
with liquid dye formulations within projectiles adapted to rupture upon 
impact with an intended target. Generally, such projectiles have the physical 
properties in which the casing is hard and impact resistant enough to survive 
normal loading and firing forces, while at the same time adapted to rupture 
and release the liquid dye composition upon high velocity contact with a target 
surface. Thus, known marking projectiles are essentially a capsule or shell 
filled with a liquid. The capsule or shell defines the shape of the projectile, 
and the fill material, which is a liquid or semi-solid, is shapeless or 
amorphous, and moves within the capsule or shell. 
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[0007] Some currently available liquid dye compositions used in paint 

o 

balls contain a dye in conjunction with hydrophilic carriers containing a 
mixture of high and low molecular weight polyethylene glycols (PEG). Among 
the disadvantages associated with currently available dye compositions 
include tenacious or permanent staining of target fabrics, freezing and 
solidification of the dye composition dining exposure to colder temperatures, 
separation and precipitation of dye composition ingredients during storage, 
and a thin consistency. Various liquid dyes are discussed in U.S. Patent No. 
6,530,962, which is incorporated by reference. 

[0008] A marking projectile impacts a target at a high velocity, which 
produces an impact force upon the projectile. Projectiles are formed so that 
the shells do not rupture until a sufficient impact force is imparted. 
[0009] Currently available projectiles formed from gelatin or starch 

shells and filled with marking liquid dye suffer various deficiencies, both in 
manufacture, and in use. These types of paintballs are expensive to 
manufacture, and may suffer breakage problems. Known projectile filled with 
liquid dye also suffer from accuracy problems, as the liquid dye tends to shift 
during flight. 

[0010] While gelatin capsule or starch shell production may be 

expensive and time consuming, there currently exists an abundance of 
agricultural biomass, which may be defined as the biodegradable fraction of 
products, waste and residues from agriculture, or as plant material processing 
waste. Various types of biomass are discussed in U.S. Patent No. 5,171,592, 
which is incorporated herein by reference. In particular, there is an 
abundance of cellulosic fibrous material produced as a waste byproduct of 
agriculture. For example, rice straw is produced throughout the world as a 
byproduct of rice cultivation. The options for the disposition of rice straw are 
limited by the great bulk of material, slow degradation in the soil, harboring of 
rice stem diseases, and high mineral content. Fields must be cleared of rice 
straw to make way for the next crop. Accordingly, alternate uses are sought 
for rice straw and other biomass. 
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[0011] Many pigments, powders, emulsifiers and binders are also freely 
available and inexpensive, and used in many industries. Powders are useful 
for their absorbent properties and their compactibility, and pigments are 
useful for their colorant properties. 

[0012] There exists a need for improved technology relating to marking 
projectiles. 

[0013] In particular, there is a need to improve the attributes of 
projectiles, by providing a projectile that is efficient to manufacture, low cost, 
and safe to the environment. 

[0014] There is yet a farther need for a projectile that is formed other 
than as a liquid filled capsule. 

[0015] In addition, there exists the need for a paintball formed from 
freely available materials that may be acquired and processed at low cost. 

[0016] SUMMARY OF THE INVENTION 

[0017] The present invention is directed to a novel projectile core, a 
projectile having the novel core of the present invention, and a method of 
making the same. 

[0018] A projectile core according to the present invention generally 
comprises a carrier mixed with a colorant, formed into a predetermined 
projectile core shape. The projectile core is substantially firm, and retains its 
shape prior to impact with a target. Upon impact with a target, the projectile 
core at least partially disintegrates or disperses, marking the target with the 
color of the colorant. In a preferred embodiment, the carrier is a fibrous, 
absorbent material, such material capable of absorbing liquid dye. The 
projectile core of the present invention can then be coated or sealed to form a 
projectile of the present invention. 

[0019] In another embodiment of the present invention, the carrier is a 
powder. The powder is blended with a colorant, and formed into a 
predetermined projectile shape. 

[0020] An outer coating may be applied to the projectile core, forming 
the outer coating, and finishing the projectile. The outer coating may be 
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applied by any acceptable method, including, but not limited to spraying, vat 
immersion, etc. 

[0021] BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Figure 1 is a diagrammatic cross sectional view of a projectile 

core of the present invention. 

[0023] Figure 2 is a diagrammatic representation of the combination of 
materials to form a mixture used in a core of the present invention. 
[0024] Figure 3 is a diagrammatic representation the addition of a 
carrier to a colorant. 

[0025] Figure 4 is a diagrammatic cross sectional view of a molding 

process for forming a projectile core of the present invention. 

[0026] Figure 5 is a diagr amm atic cross sectional view of an alternate 

molding process for forming a projectile core of the present invention. 

[0027] Figure 6 is a diagrammatic cross sectional view of another 

embodiment of a projectile core of the present invention. 

[0028] Figure 7 is a diagrammatic cross sectional view of a further 
alternate molding process for forming a projectile core of the present 
invention. 

[0029] Figure 8 is a diagr amm atic cross sectional view of another 
embodiment of a projectile core of the present invention. 

[0030] Figure 9 is a diagrammatic cross sectional view of another 
embodiment of a projectile core of the present invention. 

[0031] Figure 10 is a diagrammatic cross sectional view of a curing 
process for forming a projectile core of the present invention. 
[0032] Figure 11 is a diagrammatic cross sectional view of an 
embodiment of a projectile of the present invention. 

[0033] Figure 12 is a schematic representation of a mixture of materials 
to form an alternate embodiment of a projectile core of the present invention. 
[0034] Figure 13 is a diagrammatic cross sectional view of an alternate 
embodiment of a projectile core of the present invention. 
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[0035] Figure 14 is a diagrammatic cross sectional view of a molding 
process to form an alternate embodiment of a projectile core of the present 
invention. 

[0036] Figure 15 is a diagrammatic cross sectional view of a molding 
process to form an alternate embodiment of a projectile core of the present 
invention. 

[0037] Figure 16 is a diagrammatic cross sectional view of another 

embodiment of a projectile of the present invention. 

[0038] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 
[0039] Referring to the figures wherein like elements are represented by 
like numerals, Figure 1 depicts a projectile core 10, having a carrier 12. In a 
preferred embodiment, the carrier comprises an absorbent material. The 
absorbent material is preferably a fibrous, absorbent material, such as a 
cellulosic material, or an absorbent powder, each of which is discussed in 
detail below. The projectile core 10 further comprises a colorant 14 for 
marking a target. As shown by Figure 2, the carrier 12 and colorant 14 are 
mixed or otherwise blended to form a core mixture 16. 

[0040] A novel aspect of the projectile core 10 of the present invention, is 
that the carrier 12 or core mixture 16 is shaped into a predetermined core 
shape prior to coating or sealing. As used herein, the predetermined core 
shape refers to the overall shape of the projectile core 10. The predetermined 
core shape is formed prior to any optional coating or sealing of the projectile 
core 10. The projectile core 10, once formed into the predetermined core 
shape, is at least partially cured, either with ambient air, heat, or cold, until it 
is substantially firm. As used herein, the term "substantially firm* is used to 
designate a state whereby the projectile core 10 generally retains its 
predetermined core shape prior to impact with a target. The predetermined 
core shape is not defined by, or otherwise a function of, any outer coating, 
capsule, or shell. The projectile core 10 of the present invention may be 
adapted to support a coating, wherein the coating conforms to the 
predetermined core shape. The predetermined core shape is preferably a 
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sphere, such as for use in the sport of paintball. Upon impact, at least a 
portion of the projectile core 10 disperses or disintegrates, marking the color of 
the selected colorant 14 on the target. 

[0041] FIBROUS, ABSORBENT MATERIAL 

[0042] In one embodiment, the carrier 12 is a cellulosic material, 
capable of absorbing a colorant 14. The colorant 14 may be a pigment, a liquid 
dye, a powder dye, a water soluble dye, a permanent dye, an infra red dye, an 
ultra violet dye, a "disappearing" ink or dye that initially marks and fades 
over a period of time, or a dye that glows in the dark, and any equivalents or 
substitutes. The combination of the carrier 12 and the colorant 14 is referred 
to herein as the core mixture 16. The carrier 12 or core mixture 16 is formed 
into a predetermined core shape forming a projectile core, which preferably 
has a spherical shape, and is sized and weighted for use as a marking 
projectile. As used herein, the term "marking projectile" or "projectile" are 
used interchangeably, and describe a projectile which at least partially 
disintegrates or disperses and marks a target upon impact, being useful in the 
sport of paintball, as well as by military or law enforcement training. 
[0043] The projectile core 10 comprises a colorant 14 for marking a 
target. The colorant 14 in a paintball, by way of example, is a liquid dye that 
is non-toxic and non-caustic, water-soluble and usually formed from 
biodegradable or naturally-occurring ingredients. Colorant 14, as used herein, 
refers to any of the known liquid dyes, such as food colorings, or other water- 
soluble, non-toxic marking liquids, sometimes referred to as "paint," used in 
the sport of paintball, or in 4 connection with non-lethal rupturable marking 
projectiles such as those used by law enforcement such as, for example, 
training. Food dyes (pigments) and polyethylene glycol, may be used. The 
liquid dye may also be a mixture of propylene glycol, sorbitol, color dye and 
wax. 

[0044] Certain cellulosic material is recovered as agricultural waste, 
which can also be termed biomass. As used herein, the terms "cellulosic 
material" and "cellulosic materials" refer to any of the fibrous materials 
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containing cellulose, including materials characterized as lignocellulose or 
hemicellulose. The cellulosic material can be any suitable fibrous substance or 
substances that will absorb the colorant 14. For example, typical cellulosic 
materials for use in the present invention include, but are not limited to, 
agricultural fiber such as rice straw, wheat straw, or combinations thereof. 
Cellulosic materials include the biomass of aspen chips, sawmill and logging 
residues, wheat straw, wheat chaff, barley straw, rice straw, corn stover, 
sugarcane bagasse, kochia stems, and the like. However, no specific source of 
cellulosic material is required. Preferably, the cellulosic material absorbs a 
liquid dye. 

[0045] There are a variety of nonwood plants which produce fibers 
having absorbent properties. These nonwood plants are often referred to in the 
art as "agricultural residues" or "fiber crops". Examples of plants for each of 
these categories include agricultural residues fiber crops including: wheat 
straw, kenaf, rice straw, industrial hemp, corn stalks, sisal bagasse (sugar 
cane), textile flax straw, rye grass, straw, Hesperaloe, seed flax, straw flax, 
and straw. 

[0046] The cellulosic material usable for the present invention may be a 

lignocellulose material selected from plant fiber materials including wood 
pieces, wood meals, wood fibers, wood chips, veneer scraps, plywood scraps, 
waste-paper, pulps, rice straw, rice hulls, kaoliang straw, bagasse, bamboo, 
and wheat straw. 

[0047] The preferred cellulosic material is rice straw. Rice straw is a 
fibrous composition, capable of absorbing liquid such as the liquid dye 
necessary for use in the sport of paintball. Rice straw is resistant to bacterial 
decomposition and therefore suitable to serve as a projectile core, which will 
be stored and may not be used immediately. 

[0048] Other cellulosic materials may be used for the carrier 12 as an 

alternative to rice straw, including but not limited to straws, grasses, palm 
waste, wheat straw, plant waste or paper mill waste, corn stover, kenaf, 
industrial hemp, sisal, rye grass straw, wheat straw, bagasse, hesperaloe, flax 
straw, non-woody fibers liberated from sugar cane, bagasse, sabai grass, 
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banana leaves, paper mulberry (i.e., bast fiber), abaca leaves, pineapple 
leaves, esparto grass leaves. 

[0049] Lignocellulose refers to plant materials made up primarily of 
lignin, cellulose, and hemicellulose. Examples of suitable materials are wood, 
wood flour, wheat straw, rice straw, corn straw, hemp, dried grass, rice hulls, 
bagasse, flax, stalks of other plants such as soya, cotton including recycled and 
shredded cotton fabrics, shredded regenerated cellulose fibers and fabrics such 
as rayon, shredded paper, etc. Also, recycled fibers which may contain any of 
the above cellulosic materials in different percentages can be used in the 
present invention. 

[0050] All of the above materials are referred to herein, individually or 
in combination, as "cellulosic materiaT or "cellulosic materials. " As used 
herein, the terms "carrier" includes any of the above-listed cellulosic materials 
or combinations thereof, as well as any other fibrous, absorbent materials 
having properties desirous for the formation of a projectile core as described 
herein. Rice straw is used as the primary example of a cellulosic material 
used for the carrier. In one embodiment, the projectile core of the present 
invention is formed from materials that are capable of carbonizing, such as by 
heating or partial burning. Those materials which carbonize and thicken 
when exposed to heat are preferred, as described in greater detail below. 
[0051] As shown in Figure 3, the carrier 12 is introduced to a colorant 
14, which is absorbed by the carrier 12. The core mixture 16 is essentially a 
mixture of: the carrier 12, such as the rice straw as the fibrous, absorbent 
material, and the colorant 14. Other materials, ingredients or additives, such 
as binders, surfactants, emulsifiers, or desiccants, may be incorporated into 
the core mixture 16 to achieve desired properties, or to increase the 
performance or properties of the projectile core of the present invention. 
[0052] The carrier 12 may be ground, granulated, compacted, or 
otherwise pulverized prior to introduction of the colorant 14. Any method of 
grinding, compacting, granulating, or pulverizing the carrier 12 is acceptable. 
The carrier 12 may also be dried to remove moisture. By way of example, the 
porosity of rice straw may be controlled by grinding and drying. It is possible 
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to produce a core mixture 16 formed from rice straw as a carrier 12, where the 
void fraction is up to 80% of the volume of the core mixture 16. 
[0053] The colorant 14 may be introduced to the carrier 12 in any 
acceptable method whereby an amount of colorant 14 will be absorbed by the 
carrier 12. For example, where the colorant 14 is a liquid dye, an amount of 
liquid dye may be introduced to the carrier 12 via so aking the carrier 12 in the 
liquid dye, dipping the carrier 12 into the liquid dye or a liquid dye bath, 
spraying the liquid dye onto the carrier 12, or the liquid dye may be injected 
into the carrier 12, or the liquid dye may be poured into an amount of the 
carrier 12, thus forming the core mixture 16. The core mixture 16 may be 
mixed or otherwise blended, such as to produce a substantially uniform 
distribution of color throughout the core mixture 16. Mixing the carrier 12 
and a liquid dye, or other liquid colorant 14, produces a core mixture 16 which 
is a semi-solid or slurry, that may be molded, shaped, stamped, compacted, or 
otherwise formed into a predetermined core shape for a projectile core 10 
and/or a projectile 18, as described in further detail below. Upon curing the 
core mixture 16, the projectile core 10 comprises a substantially firm mass 
that retains the predetermined core shape of the projectile core 10 until 
impacting a target. In an alternate embodiment, the core mixture 16 is of 
such a dryness that it may be formed into the substantially firm projectile core 
10 without further curing. 

[0054] In one embodiment, the carrier 12 is ground, granulated, 
compacted, or pulverized, and then shaped by a mold to form the 
predetermined core shape of the projectile core 10, prior to the addition of the 
colorant 14. Alternately, the colorant 14 may be added to the carrier 12 prior 
to molding or shaping. The carrier 12 or core mixture 14 is formed into the 
predetermined core shape and size of a projectile 18 by molds, by the use of a 
press, by stamping, by dies, or any other suitable means. As shown by Figure 
4, the carrier 12 may be placed between first and second mold halves 20a, 20b 
forming two halves of a projectile, which are brought together, capturing the 
carrier 12 within the mold portions 20a, 20b. 
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[0055] In one embodiment of the invention, the projectile core 10 is 
made by grinding, granulating, compacting, or pulverizing the carrier 12 into 
a particulate, granular or powdery substance. Colorant 14, such as a liquid 
dye, is added to the carrier 12, forming the core mixture 16. Binders such as 
cellulose, gelatin, plasticizers, various gums, waxes, cellulose derivatives, 
gelatin, hgnin, PVP, PVA and a complex magnesium silicate and lubricants 
such as metal stearates, fatty alcohols, fatty acids and/or oils, oils, butters, 
lipids, surfactants, starch, dextrin, sodium alginate, sodium acrylate, 
polyvinyl pyrrolidone, a monosaccharide or an oligosaccharide such as sucrose, 
lactose, or acceptable substitutes of these materials, or combinations thereof, 
may be added to the core mixture 16, to adjust the properties of the core 
mixture 16. Emulsifiers may also be added to the core mixture 16. 
[0056] It is appreciated that the colorant 14 may be introduced to the 
carrier 12 before or after the carrier 12 is formed into the desired final 
projectile core shape, or may be introduced dining each of those steps. Thus, 
as discussed, the colorant 14 may be added to granulated, ground or 
pulverized carrier 12 prior to shaping. Alternately, the colorant 14 may be 
introduced to the carrier 12 after the carrier 12 has been shaped. The carrier 
12, previously formed into the predetermined projectile core shape such as a 
sphere, may be introduced to colorant 14, for a selected period of time, 
whereby the carrier absorbs the liquid dye. Any acceptable method of 
incorporating or otherwise introducing the colorant 14 to the carrier 12 may 
be used, such as spraying, dipping, or using a bath. Furthermore, the liquid 
dye may be added to the carrier 12 by injecting the colorant 14 into a mold 20 
during formation of the projectile core 10. 

[0057] By way of example, a projectile according to the present invention 
may be formed by a mold. In this example, mold 20 may have mold portions 
20a, 20b, each mold portion having a cavity 22 that has a contour, defining the 
final projectile core shape. In the case where the predetermined core shape is 
a sphere, so that a spherical projectile 18 is formed, each mold portion 20a, 
20b defines half of a sphere. However, it should be readily apparent that the 
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cavities can be formed into any desired projectile shape, so that the core (and 
resulting projectile) need not be spherical in shape. 

[0058] The mold portions 20a, 20b are brought together, capturing a 
quantity of carrier 12 or core mixture 16 (Figure 5), within the mold 20 to form 
a projectile core 10. The mold may then be heated, such as by an external 
heat source or by utilizing molds that include heating elements, to cure and 
harden the carrier 12 or core mixture 16 to a desired firmness. Alternately, 
the shaped projectile core 10 may be removed from the mold, and cured, such 
as by heating or drying, for example, by baking, heat lamps, or any other 
acceptable curing means. The mold and core mixture 16 may also be dried by 
ambient air, to produce a projectile core 10 that is substantially firm. It is 
appreciated that the projectile core 10 may have portions, such as adjacent the * 
inner portion 36, that remain wet or soggy, particularly where a liquid dye is 
used as the colorant 14. However, the projectile core 10 of the present 
invention is cured so that it is substantially firm whereby it retains its overall 
predetermined core shape, regardless of these inner wet or soggy portions. 
[0059] It is appreciated that any type of mold capable of shaping the 
core mixture 16 may be used to produce a projectile core 10 of a predetermined 
core shape according to the present invention. The carrier 12 or core mixture 
16 in any desired state of dryness may be compacted by use of molds, presses 
and/or dies into the desired shape, density and size. 

[0060] There may be standard industry sizes that are used to determine 

the size, weight, or other dimensions of the projectile core 10. Generally, 
marking projectiles in the sport of paintball, or paintballs, come in sizes 
ranging from .40-.75 caliber (inches diameter), with the common caliber being 
.68 (0.68 inches diameter), or an approximation of .68 caliber. An average 
paintball weighs between approximately 2.5g and 4g. Accordingly, the 
projectile core 10 may be formed to .68 caliber, and the weight may be 
adjusted to between approximately 2.5g to 4g, and preferably 2.8g to 3.5g, so 
that a projectile 18 formed having a projectile core 10 according to the present 
invention operates with known paintball markers, paintball hoppers, and 
other equipment. 
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[0061] Figure 7 depicts an alternative method wherein a carrier 12 such 
as rice straw, or core mixture 16, is injected via a channel 24 into mold 26, 
having separable portions 26a, 26b. The mold portions 26a, 26b are heated 
thereby drying, to any desired amount, and setting the carrier or core mixture 
in order to retain the shape defined by the cavity 28 of the mold 26. 
[0062] Figures 6, 8, and 9 depict cross sections of various examples of 
projectiles 18 and projectile cores 10 of the present invention. In addition to 
any other curing, the application of high temperature to the outside of the 
projectile core may be used in order to sear, burn, carbonize, or otherwise 
singe the outer surface 30 of the projectile core 10, forming an outer layer 32 
of the projectile core 10 that is hardened, crisp and/or brittle, in comparison to 
the other portions of the projectile core 10. The outer layer 32 comprises the 
portion of the projectile core 10 adjacent the outer surface 32 that has 
hardened in relation to the other portions of the projectile core nearer the 
center 34 of the projectile core 10. The thickness of the outer layer 32 may be 
controlled by controlling the time of exposure to heat, the carrier 12 selected, 
any other ingredients added to the core mixture 16, or other factors. 
[0063] In one embodiment, depicted in Figure 9, where high 
temperature is applied to the outer surface 30 and an outer layer 32 is formed, 
the inner portion 36 of the projectile core 10 may remain wet, moist, or soggy. 
Thus, when a projectile 18 formed having such a projectile core 10 is shot from 
a projectile marker and impacts a target, the outer layer 32 will disintegrate, 
disperse, burst and/or crack upon impact, and the inner portion 36 of the 
projectile core 10, which is a moist, colored mass, will hit the target producing 
a "splat," marking the target. 

[0064] As shown in Figure 8, the core mixture 16 that has been formed 
into the desired shape of a projectile 18 is cured until a substantially firm 
projectile core 10 is formed. In another embodiment of the present invention, 
the projectile core 10, once formed, may be cured until the projectile core 10 is 
essentially dry. In this case, essentially dry does not mean completely free of 
all moisture, but instead refers to a state where the core is no longer wet or 
soggy. The projectile core 10 may also be cured until it reaches a chalky or 
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powdery state throughout. Upon impact, such a projectile core 10 will at least 
partially disintegrate or disperse, producing a dry powder "splat" marking the 
target. 

[0065] The projectile core 10 may also be heat treated such as by hot 
rollers 38, shown in Figure 10. The projectile core 10 is turned on the hot 
rollers 38 for a selected time at a selected temperature, until the outer surface 
30 of the projectile core 10 is singed, burned, or carbonized, forming an outer 
layer 32 as previously discussed. The outer surface 30 of the projectile core 10 
will burn, singe, bake and/or char while turned on the hot rollers 38. The 
longer the projectile core 10 is in contact with the hot rollers 38, the thicker 
the outer layer 32. The projectile core 10 is turned on the hot rollers 38 until a 
desired outer layer 32 thickness T is achieved. 

[0066] In an alternate embodiment, the core mixture 14, once formed 

into the desired projectile core 10 shape, is freeze dried, by rapid freezing and 
drying. This step removes moisture, and produces a hardened projectile core 
10 impregnated with liquid dye 12. The freeze dried projectile core 10 may 
then be subjected to heat, producing an outer layer 32 formed such as by 
heating, as described above. 

[0067] It is appreciated that, once the outer layer 32 has been formed, 
the projectile core 10 may thus be considered a finished and useable projectile 
18, and is therefore ready for use. Thus, a projectile core 10 of the present 
invention need not be sealed or coated with gelatin or starch compounds, as 
there is no need for a coating in order to retain the shape of the projectile core 
10. 

[0068] However, it may be desirable to coat the projectile core 10, as 
shown in Figure 11, with an outer coating 40, which may act as a sealant, 
protectant, or simply to present a finished cosmetic appearance of the 
projectile. Gelatin compositions, starch compositions, wax compositions, or 
plastic compositions may be used in forming the outer coating 40. For 
example, outer coating 40 can be made from hydrophilic colloidal materials 
such as, but not limit ed to, gelatin, albumin, gum arabic, alginate, casein, agar 
or pectins, acceptable substitutes, or combinations of those materials. Outer 
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coating 40 could also be made from a synthetic organic compound such as, but 
not limited to, polystyrene, polypropylene, polyethylene, poloycarbonate, 
polyamide, polysulfane or polyvinylchloride. 

[0069] Preferably, the outer coating 40 is formed from albumin, or a 

mixture of alb umin and other suitable materials, which is applied to the 
projectile core 10. The outer coating 40 may be applied in any acceptable 
manner, such as through soaking or dipping in a bath, spraying, and/or 
rollers. The outer coating 40 will conform to the predetermined core shape of 
the projectile core 10. 

[0070] The outer coating 40 is capable of protecting the projectile core 10 
until the projectile 18 is fired and impacts a target. The outer coating 40 
provides resistance to projectile core breakage prior to being fired from a 
projectile marker, and impacting a target. Unlike known projectiles formed as 
the joining of two gelatin or starch sphere halves, the coated projectile 18 of 
the present invention can be formed having no seam to disturb the projectiles 
flight when fired at a target. 

[0071] Several properties of the projectile core 10 of the present 
invention can be controlled and manipulated in order to alter the 
characteristics, makeup and performance of a projectile formed utilizing the 
projectile core 10 of the present invention. For example, the degree the core 
material 12 is ground, pulverized, compacted, or granulated, can be controlled 
to alter the particle size and/or porosity. The degree the projectile core 10 is 
compacted during formation can be controlled in order to alter the density. 
Where the carrier 12 is molded prior to the addition of colorant 14, the denser 
the core, the less the colorant 14 will permeate through the carrier 12. The 
viscosity, flexibility, dampness, dryness, or other properties, of the inner 
portion 36 can also be controlled in order to alter the amount of amount of wet 
or soggy "splatter" when a target is struck with the projectile 18, The amount 
the carrier 12 and colorant 14 are dried may also be controlled. The granular 
size of the particles of carrier 12, such as rice straw, can be controlled to alter 
the absorption properties, and therefore the final weight of the projectile 
formed with the core of the present invention. 



14 



WO 2005/104674 



PCT/US2004/037946 



[0072] Because of the various properties that can be easily and 
efficiently controlled when making a projectile core of the present invention, it 
is appreciated that a projectile formed according to the present invention can 
be of any size and weight required by a projectile marker. 

[0073] POWDER CORE 

[0074] In a further embodiment of the present invention, Figures 12 and 
13 depict a projectile core 42 comprising a base powder material 44 as the 
carrier. Examples of acceptable base powder materials 44 include, but are in 
no way limited to, calcium carbonate, chalk (calcite), zinc oxide or talc, fullers 
earth, kaolin, starch, gums, colloidal silica, bismuth oxychloride, titanated 
mica, silica, polymethylmethacrylate, micronized TEFLON, boron nitride, 
acrylate copolymers, aluminum silicate, aluminum starch octenylsuccinate, 
bentonite, calcium silicate, cellulose, corn starch, diatomaceous earth, fuller's 
earth, glyceryl starch, hectorite, hydrated silica, kaolin, magnesium aluminum 
silicate, magnesium trisilicate, maltodextrin, montmorillonite, 
microcrystalline cellulose, rice starch, mica, titanium dioxide, zinc laurate, 
zinc myristate, zinc roninate, alumina, attapulgite, calcium silicate, dextran, 
nylon, silica silylate, silk powder, nylon spheres, ceramic spheres, synthetic 
polymer powders, powdered natural organic compounds such as ground solid 
algaes, encapsulated and unencapsulated grain starches, mixtures or 
combinations of any of these materials, or acceptable substitutes. The base 
powder material 44 may have absorbent properties, adsorbent properties, or 
combinations of each of these properties. 

[0075] A colorant 46 is preferably added to the base powder material 44. 
A binder which may be a solid, semi-solid, or liquid, can also be added to the 
base powder material to assist in molding the material into the desired shape. 
In some cases, it is appreciated that the base powder material 44 may have a 
natural color, even without the addition of a colorant. In that case, the base 
powder material 44 may be mixed with a suitable binder, and formed into a 
projectile core according to the present invention. 
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[0076] The colorant may take the form of liquid dye, as discussed above, 
or make take the form of a pigment. For example, lake dyes, micas or pearls, 
iron oxides, titanium oxides, calcium carbonates, treated pigments, and 
mixtures thereof, may be mixed with the base powder to form a colored 
mixture for use as the core mixture. Organic pigments include aromatic dyes 
such as azo, indigo, triphenylmethane, anthraquinone, and xanthine dyes 
which are designated as D&C and FD&C blues, browns, greens, oranges, reds, 
yellows and so forth. Organic pigments also include insoluble metallic salts of 
certified color additives, lakes. Inorganic pigments include iron oxides, 
ultramarines, chromium, chromium hydroxide colors and mixtures of these 
materials. All of these would be considered suitable colorants. 
[0077] In order to form the core, any of the methods discussed above 

may be used. Further descriptions of acceptable methods follow. In one 
method, the base powder material 44 is selected so as to be compactable in its 
dry state. Any conventional molding operation case be used to form the 
projectile core. For example, the base powder material 44 could be poured into 
a first mold cavity and then compacted with a second mold cavity into the 
predetermined core shape. The pressure applied by the mold compresses the 
base powder material 44 and any added binder or excipients, into the 
substantially firm projectile core. Depending on the compressibility of the 
selected base powder material 44, an outer coating may or may not be needed. 
[0078] The base powder material 44 (with or without added ingredients) 
or core mixture 52 may be mixed with a suitable binder. The base powder 
material 44 (with or without added ingredients) or core mixture 52 may then 
be injected or otherwise channeled into a mold cavity where the material is 
formed into a predetermined core shape. The base powder material 44 (with 
or without added ingredients) or core mixture 52 is then cured, as described 
above, until it is substantially firm. 

[0079] A first method to form a projectile core 42 from a base powder 
material 44, shown in Figure 14, utilizes a base powder material 44 that is 
compactable in its dry state. Any conventional molding operation can be used 
to form the projectile core 42. The base powder material can be poured into a 
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first mold cavity 48 and then compacted with a second mold cavity 50 to form 
the desired shape. 

[0080] Another method of forming the base powder material 44 
projectile core is by the preparation of a damp core mixture 52 of base powder 
material 44 combined with a colorant 46. In this embodiment, the core 
mixture 52 may be further mixed with a suitable binding agent to form a 
pourable, moldable core mixture 52. As shown in Figure 15, this core mixture 
52 is then injected or directed into a mold cavity 56 where the core mixture 52 
forms the desired shape. The molded projectile 54 (Figure 16) is allowed to 
dry or cure by ambient or heated air. Alternatively, the mold can be heated to 
cause the mixture to set. It is also contemplated that a drying agent can be 
added to the core mixture 52, e.g., silica, calcium chloride, etc. 
[0081] The projectile core formed with a base powder material 44 may 
be coated with an outer coating, as discussed above. 

[0082] It is appreciated that, once a cellulosic material is ground, 
granulated, or pulverized, it may comprise a powdery substance. Thus, 
"powder" as used herein therefore encompasses the cellulosic materials that 
have been dried and ground into powder, previously discussed, as well the 
base powder material discussed. 

[0083] It is appreciated that those skilled in the art would be readily 
capable of selecting suitable materials for the preparation of the projectile core 
and projectile of the present invention based on the present disclosure. 
[0084] The projectile core and projectile described herein are most 
preferably intended for use as a paintball in the sport of paintball. Marking 
projectiles such as paintballs must maintain their shape and integrity during 
firing from, for example, compressed gas powered paintball markers. Such 
paintballs then must at least partially disintegrate or disperse upon impact 
with a target at impact velocity, namely, the speed at which the paintball 
strikes a target such as a human paintball sport player equipped with the 
appropriate protective gear. Known paintballs that are essentially capsules 
filled with liquid must break, rupture, or other disperse the liquid dye upon 
impact at ranges of between 25 to 300 feet, with the ideal range being between 
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50-100 feet. Accordingly, it is appreciated that the projectile core and 
projectile of the present invention are preferably formed to meet the 
parameters necessary for use in the sport of paintball. 

[0085] Paintball markers may have a muzzle speed of between 
approximately 175 to 500 fps, with the preferred muzzle velocity being 
approximately between 250-350 fps. In paintball sport competitions, the 
velocity at which a paintball marker fires a paintball from its barrel is 
sometimes limited to 300 fps or less to protect the paintball sport players from 
harm. The impact velocity of a paintball, the speed at which the marking 
projectile hits a target, for example, a human paintball sport player wearing 
the appropriate protective gear, is generally less than the muzzle velocity, but 
greater than 50 fps to be effective. The projectile core and projectile of the 
present invention are preferably formed to retain the predetermined core 
shape under the conditions of the muzzle velocities described herein, and at 
least partially disintegrate or disperse upon impacting a target at the 
described impact velocity, in order to present a colored "mark" or "splat" 
comparable to the mark made upon impact of known liquid dye filled 
paintballs. 

[0086] One of the benefits that can be provided by the present invention 
is dimensional stability. Using the present invention, the new projectile core 
and/or projectile can be made to hold a favorable shape for projectile flight 
more closely than existing projectiles because it is shaped by the projectile 
core, and not the shell or coating. An existing projectile is an elastic material 
filled with a liquid, that is deformable. This means that during shipment and 
storage an existing projectile can and will change shape. The change in 
dimension will adversely effect loading and flight of the ball. Breakage is also 
an issue. A projectile made according to the present invention is substantially 
firm and will resist deformation under transport and storage. The 
substantially firm shape is produced during manufacturing and can be formed 
in a consistent way with existing machinery. 

[0087] Another benefit of the present invention is the ability to control 
carrier characteristics, core mixture characteristics, and projectile shape. 
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During manufacture, fibrous materials can be added to the mixture of solids. 
By changing the type, length, thickness, weave and/or amount of these fibers 
the strength of the projectile and resistance to breakage can be controlled. 
The shape of the projectile can also be controlled using similar methods. 
[0088] It is understood that the present invention is not limited to the 
particular embodiments shown and described herein, but that various changes 
and modifications may be made without departing from the scope and spirit of 
the invention. 
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